
This fact sheet contains information about electric and magnetic fields (EMF) from
power lines, building wiring, appliances, and other electrical equipment in residential
settings.  This information may be of use to people who are buying, selling, or renting
homes or apartments, or have questions about EMF in their current residence.  Some of
the information in this fact sheet is specific to the state of California.  For more general
information about EMF, please see our long and short fact sheets, available on the
Internet at http://www.dhs.ca.gov/ps/deodc/ehib/.

FREQUENTLY ASKED QUESTIONS ABOUT

MAGNETIC FIELDS AND HOMES

California Electric and Magnetic Fields Program
A Project of the California Department of Health Services and the Public Health Institute

WHAT ARE ELECTRIC AND MAGNETIC FIELDS?
Wherever there is electricity, there are also electric and magnetic fields (EMF), which are fields
of force (or energy) created by electric charges.  Electric fields result from the strength of the
electrical charges, or the voltage, while magnetic fields result from the motion of the charge, or
the current.  Because the electric current creates magnetic fields, appliances must be turned
on to produce magnetic fields, but any appliance that is plugged in will produce an electric field.
Electric fields are easily shielded: they may be weakened, distorted, or blocked by conducting
objects such as earth, trees, and buildings, but magnetic fields are not as easily blocked.  The
intensity or strength of an electric field in a location is measured in volts per meter (V/m) or in
kilovolts per meter (kV/m).  The intensity of a magnetic field is measured in gauss (G) or tesla
(T).  The strength of both electric and magnetic fields decreases as you get further away from
their source.

Direct current of the sort from a battery-operated appliance such as a flashlight flows only in
one direction, unlike alternating current (AC) sources in which the energy flow changes
direction with a specific frequency, measured in cycles per second or Hertz (HZ).  Power
systems in the United States create a specific type of alternating current electric and magnetic
fields, called 60 Hertz or “power frequency” fields. This fact sheet focuses on power frequency
fields created by power lines and other electrical equipment, and not on DC fields or on the
higher frequency and higher energy fields generated by sources such as cellular phone
antennas or television transmitters.

WHAT ARE SOME SOURCES OF POWER FREQUENCY EMF IN HOMES?
There are power frequency electric and magnetic fields almost everywhere we go because
electric power is so widely used.  Exposure to these fields comes from many sources, such as
high voltage “transmission” lines (usually on metal towers) carrying electricity from generating
plants to communities and “distribution” lines (usually on wooden poles) bringing electricity
from local substations to our homes, schools, and work places.  Other sources of exposure
are internal wiring in buildings, low voltage currents flowing back to the power grid on plumbing
pipes, and electric appliances such as televisions, computer monitors, radios, hair dryers, and
electric blankets.  Sources with high voltage produce strong electric fields, while sources with
strong currents produce strong magnetic fields.

If you are concerned about EMF from any of these sources in or near your home it may be
helpful to know that electric and magnetic fields weaken as you move further away from their
source.  Electric and magnetic field strength gets lower more rapidly with distance from
“point” sources such as appliances than from “line” sources such as power lines.  In general,
the fields from a particular source are down to “background” level (the typical amount a
person might encounter even if that source were not present) about 3-4 feet from an appliance,
60-200 feet from a distribution line, and 300-1,000 feet from a transmission line.  Fields can
interact to strengthen or weaken their total effect in a given area.  Because of this, the field
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strength at a particular location depends not only on the
distance from the major source but also the distance and
location of other nearby sources.

Transformers convert high voltage electricity from “primary”
distribution lines (that carry power from substations through
neighborhoods) to electricity of the lower voltage used in
homes, which is carried from the transformer through the
neighborhood on “secondary” distribution lines until it is
fed off to the individual homes. For overhead distribution
lines, the transformers are the canisters or cylinders on
some utility poles between the upper primary lines and the
lower secondary lines.  For underground lines, the
transformers are boxes, usually at ground level, that are
connected to the power lines below.

Transformers, like appliances, are point sources, and so
fields decrease fairly quickly as one moves further away
from them.  Because of the large amount of electrical
current that often goes through transformers, though, the
fields from them may be higher than from some appliances
and may require a greater distance to reach background
levels.

Power substations contain electrical equipment that
creates fields, but equipment (mostly point sources) inside
most stations does not raise fields outside of the station
itself.  There are generally many power lines that run into
and out of substations, however, and these power lines,
like any others, produce fields.  So, elevated fields in
homes near substations may be from power lines
connected to the substation rather than the equipment
inside the station itself.

This fact sheet focuses on power frequency magnetic
fields, since they have been the object of more concern
and study than electric fields.  This is because magnetic
fields are not easily shielded and therefore can penetrate
soil, building materials, and the body surface more easily
than electric fields.  For this same reason, they are also
easier to measure.

HOW IS MAGNETIC FIELD EXPOSURE IN HOMES

MEASURED?
There are several different ways of estimating a person’s
magnetic field exposure at home.  The major ways this
has been done are: 1) indirectly by assessing the types
and proximity of power lines nearby (wire codes); 2)
indirectly by taking area (spot) measurements; and 3)
directly by taking repeated measurements with a meter
worn by a person while at home (personal measurements).

1.  Wire codes
Many early studies of magnetic fields and human health
estimated exposure from powerlines by using “wire codes”
rather than by directly measuring fields.  Wire codes
categorize homes based on the types of power lines near
the house and their distances from it. The wire code system
is based on the fact that magnetic field strength decreases
with distance from the field source and the assumption
that homes near power lines that have the potential to
carry more current would have stronger magnetic fields
than homes next to lines that are limited to carrying smaller
amounts of current.  Table 1 shows one type of wire code
system and the ranges of “spot measurements” (brief
magnetic field measurements taken at different locations)
found in different wire code category homes in one study.1

Using this system, all homes fit into one of four possible
categories based on the type and distance of nearby power
lines.  These four categories are intended to reflect
different levels of magnetic field exposure from power lines.
Though the highest fields are found in homes in the highest
categories, spot measurements in the homes show that
there is a great deal of overlap between the fields found in
the different categories.  Note that while the average field
in homes served by underground lines is lower than those
served by above ground lines,2  these homes still have fields
from other sources such as wiring and appliances.
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Table 1 Magnetic field spot measurements in residential areas by wire code (strengths
in milliGauss)

Wire Codes:
UG (Underground) All power lines within 150 feet
of the house are below ground.
OL (Ordinary Low) The house is 130-150 feet from
a transmission line or major primary distribution line,
65-150 feet from a minor primary distribution line, or
51-150 feet from most secondary distribution lines.
OH (Ordinary High) The house is 50-129 feet from
a transmission line or major primary, 25-64 feet from
a minor primary, or within 50 feet of certain types of
secondary lines.
VH (Very High) The house is within 50 feet of a
transmission line or major primary or within 25 feet
of a minor primary.

Spot measurement categories:
Under Line – Directly underneath the power lines
nearest the home being surveyed
Outdoor – Measured in the outdoor areas on the
property of the home being surveyed
Indoor – Measured inside the home being surveyed

Source: Lee, G., California Exposure Assessment Study (preliminary findings). California EMF Program.  1996
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2.  Spot measurements
A second measurement strategy that has been used to
estimate an individual’s magnetic field exposure is taking
spot measurements (measurements over a short time
period) in homes.  Some people believe that spot
measurements represent a person’s residential exposure
better than wire codes.  This belief is based on the fact
that spot measurements involve the measurement of actual
levels and so could capture exposure from sources other
than power lines, such as appliances and home wiring.
Wire codes could not be expected to reflect these non-
powerline field sources.  Spot measurements have their
own limitations, however.  First, they only measure the
field levels at one point in time, though magnetic fields
change over time depending on energy use.  In addition,
they only measure magnetic fields at a few spots in a
given home, typically the centers of the rooms that are
used most often.  These measurements may not capture
the levels near walls or particular appliances, though people
may spend time in these other locations.

Table 2 shows magnetic field home spot measures from a
survey conducted by the California Department of Health
Services of about 600 homes in the San Francisco Bay
Area and individuals residing in these homes.  For the
home spot measurements, the strength of magnetic fields
was obtained for the bedroom, family room, and kitchen,
and averaged for the total home exposure.  Any appliances
or electrical devices that were on at the time of
measurement were left on.  As shown in Table 2A, about
half of the houses had an average magnetic field level
below 0.7 milliGauss (mG) and 90 percent had average
levels below 1.6 mG.  Measurements from a national survey
were similar.3   All of the measurements reflect the average
field strength of the 60-Hertz frequency magnetic fields
when the measurements were taken, and the levels could
be higher or lower at other times.  For example, readings
taken at dinnertime, when more appliances are in use,
are often higher than ones taken in the middle of the night.
Table 2B shows the percent of the same houses that fell
into certain milliGauss categories.

3.  Personal measurements
In fact, neither wire codes nor spot measurements capture
the true magnetic field levels experienced by people while
they are at home.  Some recent studies have attempted to
capture a person’s actual exposure by having study
participants wear magnetic fields meters, generally for 24
hours, so their measurements can be recorded throughout
a full day.  Participants keep track of where they are
throughout the day, so their location (at home, at school
or work, etc.) can be matched to their measurements.
Table 3 shows the personal average magnetic field
measurements for about 600 San Francisco Bay Area
residents while they were at home.   These measurements
are similar to the home spot measurements.  Overnight
exposures were slightly lower than those found for the
“awake” times.  Comparing Table 2A and Table 3
demonstrates that the spot measurements taken in the
middle of rooms in these women’s homes provide a good
estimate of the magnetic fields these same women
experienced as they moved around inside those houses.
The personal measurements are a little higher than the
spot measurements.

The strength of the personal magnetic field exposures may
be measured in different ways.  The average shown in
the table above captures the average field strength over a
given time period.  Another thing to consider is that a
person’s exposure over time may be of a constant strength
or the strength may vary.  One way of assessing the
changes in strength over time is by looking at how much
and how quickly the intensity changes over time, or the
“rate of change.”  This can be assessed using a “rate of
change metric” (RCM).  A slightly different way of measuring
fields is to compare the minimum level to the maximum
level experienced over time; this shows the overall range of
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Table 2A Distribution of average magnetic field strength in San
Francisco Bay Area homes

Lee, G., California Exposure Assessment Study (preliminary findings). California EMF
Program.  1996
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Table 2B Percentage of San Francisco Bay Area homes
in various milliGauss ranges

Lee, G., California Exposure Assessment Study (preliminary findings). California EMF
Program.  1996



4CALIFORNIA ELECTRIC AND MAGNETIC FIELDS PROGRAM
A Project of the California Department of Health Services and the Public Health Institute

may be very different from that person’s exposure on any
given day.

ADVANTAGES AND LIMITATIONS OF THE DIFFERENT

MEASUREMENT STRATEGIES

Each of these ways of measuring a person’s home
magnetic field exposure has advantages and limitations.
Wire codes estimate exposure on the basis of something

intensity, but not the rate at which the level changes.  These
metrics may capture different sources of magnetic field
exposure.  A person with a high average exposure may
not necessarily have a high RCM.

Figures 1A and 1B show the overnight magnetic field tracing
for two different people, John and Joan.  The strength of
the field is on the vertical y-axis while the time period is on
the horizontal x-axis of each graph.  Both John and Joan
have the same average exposure (about 2.0 mG).  However,
the variation in their measurements (the rate of change
metric) is different.  Joan’s nighttime exposure is constant
in field strength while John’s nighttime exposure fluctuates
considerably.  As a result, John has a greater range of
nighttime exposure (1 mG minimum to 3 mG maximum)
than Joan, whose minimum and maximum values are the
same.

In the study of San Francisco Bay Area women mentioned
above, the maximum magnetic field experienced by 75%
of women was above 14 mG, 50% experienced brief
maximum fields above 23 mG, and 25% experienced
maximum fields above 35 mG.  Most women only
experienced a few such high exposures a day, probably
from moving near appliances, underground power lines, or
indoor fields from building wiring or plumbing.

Though these personal measurements capture a person’s
actual exposure at different places and times, rather than
the estimated average fields in their homes, this strategy
also has limitations.  For example, it is possible that the
measurements may be taken on an atypical day, one on
which a person does not participate in usual daily activities
or is exposed to different sources than on most days.  For
example, a person who cooks with an electric stove almost
every day may seem to have lower exposure if he is
measured on a day when he does not cook.  So, a
person’s average daily exposure over the course of a year
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Table 3 Distribution of average home personal magnetic field measurements of residents (strengths in
milliGauss, as measured with a meter worn by a resident of the home during the time spent in the
home)

Lee, G., California Exposure Assessment Study (preliminary findings). California EMF Program, 1996
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Joan's Night-time Magnetic Field Exposure
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relatively constant over time: proximity to different types of
power lines.  Because of this they might provide good
estimates of exposure from power lines, even for times in
the past.  The different wire code categories overlap,
however, and only consider power lines, not other sources,
so wire codes may not capture differences in exposure
between homes as well as some of the other measurement
strategies.  Also, wire codes may only capture certain
types of exposures such as the average level rather than
the level’s rate of change.

Spot measurements capture more of these differences
because they measure actual fields at different locations
in the home; however, they are generally only taken at
specific locations around the home and at one point in
time, and so may not capture people’s actual exposure in
the areas where they spend time or over the course of a
year.  Personal measurements capture a person’s actual
exposure, but generally only measure a short period of
time that may not be representative of a person’s exposure
on a typical day or a person’s average annual or lifetime
exposure.  Unlike spot measures, measurements taken
over a longer period of time (i.e., for a 24-hour period)
allow researchers to see some changes in the exposure
over time.

HOW HIGH ARE THE MAGNETIC FIELDS LIKELY TO BE

IN A HOME NEAR AN OVERHEAD POWER TRANSMISSION

LINE  (USUALLY ON A LARGE METAL TOWER)?
Every situation is different because the fields near any power
line depend on several factors, including the exact distance
of a home from the line and many engineering aspects of
how the lines are set up.  As stated earlier, fields from
power transmission lines often reach background levels
between 300 and 1,000 feet from the line.  The only way to
be sure of the fields in a given area at a particular time is
to get measurements taken.

WHAT IS A “SAFE” LEVEL OF MAGNETIC FIELD

EXPOSURE?
Scientists are not sure whether there are health risks from
exposure to power frequency magnetic fields or, if so,
what is a “safe” or “unsafe” level of exposure.  There have
been many studies on this but none conclusively show
whether magnetic fields are a health risk, and some studies
have had contradictory results.  In 1998, a work group
formed by a federal program that studied this issue
classified EMF as a “possible human carcinogen” for
childhood leukemia, meaning that they believe that it might
increase the risk of getting childhood leukemia, but they
are not sure.  That program’s final report states that “...
[power frequency] ELF-EMF exposure cannot be
recognized as entirely safe because of weak scientific
evidence that exposure may pose a leukemia hazard.”4

But because it is not clear whether exposure to EMF
increases health risks, the report does not recommend
taking difficult or expensive actions to reduce exposure.  It
does suggest that people consider reducing their exposure
if it is easy or inexpensive to do so.

Because we do not know whether electric and magnetic
fields are a health risk, it is impossible to say whether a
given amount of magnetic field exposure or particular
distance from a power line or other source is “safe” or
“unsafe.”  It is possible to compare the levels measured in
a home to average (or typical) levels found in a survey of
homes such as the survey conducted by the California
Department of Health Services (CDHS).

CDHS is currently conducting a Risk Evaluation to
determine how likely it may be that EMF, especially
magnetic fields, might increase health risks.  Researchers
are reviewing the evidence and writing a report to explain
their conclusions and recommendations.  This report is
expected to be available by the end of 2001.

ARE THERE ANY GOVERNMENT STANDARDS FOR

MAGNETIC FIELDS LEVELS IN HOMES?
There are no federal or California state laws limiting the
level of EMF in residences or the amount to which a person
can be exposed.  This is because no one is certain whether
magnetic fields might increase health risks.  Still, in some
cases the effect of EMF on residences may be considered
in new development.  The California Public Utilities
Commission, which regulates most of the electric utility
companies in California, encourages utilities to take low-
cost actions to reduce the fields created by new power
lines and facilities.  Local governments have the authority
to approve new residential and commercial development,
and sometimes consider the location of nearby power lines
and other electrical equipment in their approval process.
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Table 4 Setbacks for siting new schools near
power transmission lines

School Facilities Planning Division, California Department of Education,
“School Site Selection and Approval Guide,” 1993
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City and county governments can require new building
projects to meet certain conditions, and in some cases
may require projects to take action to minimize fields where
people will live or make possible tenants and buyers aware
that they are near electrical facilities.  These requirements
vary by location and sometimes by project.

Currently, the only relevant state regulation in California
requires that when new schools are built, they must be at
least a minimum distance from transmission lines.  The
required setback varies depending on the voltage of the
line (see Table 4).  This regulation does not apply to existing
schools that are near power lines, and is not based on
any evidence that the setback might decrease health risks.
For more information on this regulation, contact the School
Facilities Planning Division of the California Department
of Education.

IF I AM CONCERNED ABOUT THE POSSIBLE HEALTH

EFFECTS OF MAGNETIC FIELDS, WHAT FACTORS

SHOULD I CONSIDER WHEN LOOKING AT A HOME OR

APARTMENT?
If you are concerned about EMF, there are questions that
you can ask when buying or renting a home or apartment
to help you address your concerns.  Some questions
include:

• Are there any overhead or underground power lines
nearby?  If so, what types (transmission, sub-
transmission, overhead distribution, or underground
distribution) and how far are they from the home?

• Are there any electrical facilities (such as power
stations) located in the immediate area?

• Does the electrical wiring in the home meet current
electrical safety standards? Improper wiring can
cause high magnetic fields in the home’s electrical
system or on metal plumbing pipes, and may also
create a potential fire or shock hazard.

• How old is the wiring, and has it been updated using
current standards?  Older “knob and tube” wiring
creates higher fields than more modern wiring.

• Where are the other major sources of high EMF in
and near the home located?  These sources may
include electric appliances, transformers, track
lighting, lights with dimmer switches (if not wired
correctly), and the place where the electrical wire
from the power line enters the building (called the
“service drop”).

• How close are these sources to the areas in which
your family members will spend most of their time
(bedrooms, living room, etc.)?

Where you live is a very individual decision, but the answers
to these questions may help you decide whether you are
concerned about EMF exposure in the home.

HOW DO I FIND OUT THE MAGNETIC FIELD LEVELS IN A
RESIDENCE?
You can learn whether the field levels are above average in
a home or yard by getting magnetic field measurements
taken by your utility company or a consultant.

In California, you can ask your utility company to take
measurements of field levels on your property.  California
requires most utilities to do this free of charge for their
customers.  To get measurements taken by your utility
company, call their customer service telephone number
and tell the operator that you would like to get the electric
and magnetic field levels measured in your home.  If you
are the owner or current utility customer of the property
you would like measured, you should be able to make an
appointment to have measurements taken.  If you are
considering renting or buying the property but do not yet
live there, your utility company should be able to explain
to you the requirements for getting the current customer
or homeowner’s permission to have measurements taken
on their property; your real estate agent or rental agent
may be able to help with this.

If you live outside of California and your utility does not
take measurements, or if you prefer not to have your
utility company take measurements, you can take
measurements yourself with the proper equipment or pay
a consultant to do this.  Magnetic fields are measured
with an instrument called a gaussmeter. There are many
different types of these meters available; a publication
focusing on EMF called Microwave News has a list on the
Internet at http://www.microwavenews.com/EMF.html
of some meters and the companies that sell them.  There
may also be other meters available through other sources.

To find a private consultant to take measurements for a
fee, you should look for someone experienced in taking
these measurements.  The California EMF Program has a
list of non-utility measurement providers that volunteered
information about their businesses in order to make their
services known.  Another resource that may be helpful in
finding a consultant to take measurements is the National
Electromagnetic Field Testing Association (NEFTA), which
may be able to refer you to consultant in your area.  The
NEFTA Web site can be accessed at http://
kato.theramp.net/nefta/.  The Public Health Institute, the
California Department of Health Services, and the California
EMF Program do not certify, accredit, license, or endorse
any EMF measurement consultants, EMF meters, or their
providers.

The person taking measurements should measure field
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levels in several places on the property, especially inside
the rooms in which people will spend a great deal of time
(such as bedrooms).  If there are power lines or other electrical
equipment nearby, measurements should be taken at
different distances from them, to discover whether the fields
from those sources are raising field levels inside the home.
A good technician will also be able to identify areas with
unusually high fields and the sources (such as improper
wiring or power lines) of those fields.

HOW DO I INTERPRET MEASUREMENTS ONCE I HAVE

THEM?
Because we do not know whether EMF exposure is a health
risk, magnetic field measurements may allow you to compare
the levels in your home to levels in other homes, but even if
the levels are above average, this does not necessarily mean
that they increase your health risks.  Similarly, if the levels
are below average, this does not necessarily mean that the
field exposure in the house is “safe.” There is no general
agreement about whether exposure to magnetic fields might
increase health risks or, if it does, what level could be
considered safe; these measurements will just give you an
idea of whether the magnetic field levels in your home are
similar to measurements typical in other homes or residential
settings.

If you get measurements taken, your utility or other
measurement provider may also be able to give you some
information about how the measurements compare to those
in other homes. You may compare your measurements to
those found for various published home surveys such as
the 600 homes surveyed by the CDHS (as summarized in
Tables 1, 2A, and 2B).

HOW CAN I REDUCE MY EMF EXPOSURE FROM

SOURCES IN AND NEAR MY HOME?
Until we have more information, some communities and
individuals are adopting a “no and low cost avoidance”
strategy.  Whether or not you get magnetic field
measurements taken in your home, there are things that
you can do to reduce your exposure.  For example, you can
move electrical appliances further away from places where
you spend your time.  In most cases, fields almost disappear
at distances of 3 to 5 feet from a regular household
appliance.  It is usually easy to move an electric clock a few
feet away from your bed, or to sit further away from your
computer monitor.  Sometimes, you may have sources in or
near your home that cannot be moved, like major appliances
or power transformers connected to overhead or underground
power lines.  If you find that this type of source is producing
higher fields in your home, you may be able to rearrange
your furniture so you spend less time near the source.  For
example, if there is a power transformer on the outside of
your bedroom wall, you might be able to move your bed to

the other side of the room or to another room so you spend
less time in the field from this source.

If you are building a new home or remodeling or adding to
your home, there are things that you can do to minimize
fields in the areas where people spend time.  Proper wiring
and the thoughtful placement of electric appliances can help
reduce exposure.  The EMF Checklist for School Buildings
and Ground Construction provides some specific ideas for
reducing EMF in schools that may be helpful when planning
and carrying out residential construction.5   The California
EMF Program also co-sponsored a video in which an EMF
consultant demonstrates techniques that electricians can
use to identify and correct some common wiring errors that
create high fields and may pose a potential fire hazard.
This video was created for schools, but may also be useful
for residential settings.  The school checklist and a
description of this video (with ordering information) are
available on the Internet; go to http://www.dhs.ca.gov/ps/
deodc/ehib/ and click on California Electric and Magnetic
Fields Program.

HOW IMPORTANT SHOULD EMF BE WHEN I AM

DECIDING WHERE TO LIVE OR WHAT HOME TO BUY?
In the absence of conclusive evidence that EMF is or is not
a health risk, it is up to each individual to decide how
important the presence of EMF sources is in choosing a
place to live. EMF may be one of many factors considered
in this choice.  Other important factors may include a home’s
cost, the quality of local schools, and proven risks of the
location, such as the possibility of earthquake, flooding, or
fire, or the presence of traffic, radon, or air pollution.  To
some people even limited evidence for a possible EMF risk
weighs heavily in their decisions.  For others, different
considerations take precedence.  There really is no one
right answer to this question because each situation is
unique.

1 Lee, G., California Exposure Assessment Study (preliminary
findings), California EMF Program, 1996.
2 The reason that underground lines usually produce lower
fields in nearby houses than overhead lines is not because
the dirt blocks the magnetic field; it is because several heavily
insulated cables can be placed closer to each other than rela-
tively uninsulated overhead cables could be, allowing the
magnetic fields from the different cables to cancel each other
out.  Nonetheless, fields directly above an underground line
can be quite high because they are only a few feet below the
surface.
3 Zaffanella, L., Survey of residential magnetic Sources, EPRI
Final Report, 1993. No. TR 102759-v1 and No. TR 102759-v2.
4 National Institute of Environmental Health Sciences, Assess-
ment of health effects from exposure to power-line frequency
electric and magnetic fields, NIEHS Final Report to Congress,
1999.
5 Cavin, B., EMF Checklist for School Buildings and Grounds
Construction, California EMF Program, 1996.


